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this instant that the terrestrial (not solar) radiation is most 
absorbed, therefore all the conditions favor an excessive 
generation of ions and a change in the electric potential 
gradient. The fact that this element follows strictly the 
two type periods seen in the humidity and the barometric 
pressure makes it necessary that the absorption of energy and 
the ionization should be resultant functions occurring together 
in one general process. I believe that all the comples details 
observed regarding atmospheric electricity will be explained 
along these lines. Finally, in fig. 2, it is indicated that the 
diurnal deflecting wind componenta and the magnetic deflecting 
vectors of the earth's field are in close synchronism through- 
out the twenty-four hours, but by comparing them with the 
diurnal radiation of the sun and the temperature it is seen that 
they are simply parts of the single period system which is 
common to all strata of the atmosphere, except the lowest, in 
the three elements described, namely, the barometric pressure, 
vapor tension, and electric potential gradients. We infer, 
then, that since the double period depends strictly on the con- 
vectional rise and fall of the vapor sheet, the magnetic field is 
primarily more closely connected with the effects of the solar cli- 
rect radiation throughout the atmosphere. What we lack in this 
connection is a series of observations to determine the varia- 
tion of the magnetic components in the higher strata, which I 
doubt not will be found to be similar to those at the surface. 
I n  all respects i t  is evident that observation in the lower cloud 
region is as much demanded by the magnetician as by the me- 
teorologist, to determine the subtle cross connections between 
the gaseous contents of the atmosphere and the electrical and 
the magnetical variations. But it seems to me very probable 
that the magnetic diurnal variations are clue to a set of phys- 
ical processes induced by the terrestrial radiation in the lower 
atmosphere. This may esplain the fact that the incoming solar 
radiation does not seem to be the cause of the ionization which 
apparently precedes the generation of the electric and the 
magnetic disturbing forces. I f  this problem can be solved in 
the free ah, it will probably also contribute important facts 
regarding our general knowledge of the relations between 
matter and ether. It is especially desirable to note that the 
facts which are now known indicate that the diurnal variation of 
the magnetic field of the earth is strictly a meteorological effect 
in the atmosphere, caused by the solar-terrestrial radiation, and 
that the order of production is (1) temperature, (2) electric 
potential, (3) magnetic deflection, somewhat as explained in 
Bulletin I, Eclipse Meteorology and Allied Proldems. 
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HAWAIIAN ULIMATOLOGIUAL DATA. 
By CURTIS J. Lroxa, Territorial Meteorologist. 

OENEIUL SUMNARY FOR DECEMBER, 1902. 

HonoZvZu.-Temperature mean for the month, 70.8' ; normal, 
71.8'; average daily maximum, 75.9'; average daily minimum, 
66.0'; mean daily range, 9.9O; greatest daily range, 18'; least 
daily range, 6'; highest temperature, 80'; lowest, 61'. 

Barometer average, 29.938; normal, 29.970; highest, 30.11, 
29th; lowest, 29.73,lOth; greatest 24-hour change, that is, from 
any given hour on one day to the same hour on the next, 0.10; 
lows passed this point on the ad, loth, and 2lst; highs on the 
Sth, 14th, and 29th. 

Relative humidity average, 77.7 per cent; normal, 76.7 per 
cent; mean dew-point, 63.1'; normal, 63.1'; mean absolute 
moisture, 6.39 grains per cubic foot; normal, 6.32 grains. 
There was an unusual period of low clew-point cluring the last 
ten days of the month. 

Rainfall, 10.20 inches; normal, 3.92 inches; rain record days, 
18; normal, 16; greatest rainfall in one day, 3.20, on the 22dp 
total a t  Luakaha, 26.50 inches; normal, 10.24 inches; total at 
Kapiolani Park, 7.81 inches; normal, 3.65 inches. 

The artesian well level rose during the month from 33.90-to 
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34.67 feet above mean sea level. December 31, 1901, it stood 
at 34.06. The average daily mean sea level for the month WBB 
9.87 feet, the assumed annual mean being 10.00 feet above 
datum. For December, 1901, it was 10.26. For the year 
1902, 9.85. For the previous year, 10.17. 
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Trade wind days, 17 (4 of north-northeast); normal, 1 6  
Average force of wind during daylight, Beaufort scale, 2.3- 
Average cloudiness, tenths of sky, 5.2; normal, 4.4. 

Approximate percentages of district rainfall as compared 
with normal: South Hilo, 160 per cent; North Hilo, 250 per 
cent; Hamakua, 400 per cent; Kohala, 330 per cent; Waimea 
(Hawaii), 380 per cent; Kona, 300 to 400 per cent; Kau, 140 
to 300 per cent; Puna, 175 per cent; Maui, 150 to 500 per cent; 
Oahu, 220 per cent. escept Kahuka, 420 per cent; Kauai, 320 
per cent. 

The month was a rainy one, and the whole year's rainfall, 
when published, will R ~ O W  surprising records. The heaviest 
rainfall for the month was at Puuohua, 34.84 inches; the 
heaviest %hour, 10.65, at Hanalei, Hauai, on the 11th; Na- 
hiku (850 feet), 8.90, on the 18th. 

Mean temperatures: Pepeekeo, Hilo district, 100 feet eleva- 
tion, mean maximum, 75.0'; mean minimum, 68.2'; Waimea, 
Hawaii, 2730 elevation, 74.3' and 58.2'; Kohala, 691 elevation, 
75.8' and 66.1'; Waiakoa, Kula, Maui, 2700 elevation, 7 3 . 3 O  
and 66.6'; Puunene Mill, Maui, 200 (?) elevation, 77.0' and 
65.1'; mean temperature, 6 9 . 8 O ;  Ewa Plantation, 60 elevation, 

. 
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Hawaii These stations are on a line from the north coast 
south southwestward toward the mountain of Mauna Kea, being 
on its lower dopes ancl at increasing elevations up to 6000 feet. 
They extend from the lowest station Kukaiau, a t  an elevation 
of 250 feet, southwestward toward the mountain top. The 
highest rainfall station is at an elevation of 5000 feet, but the 
summit of Mauna Kea is several miles farther on and at an ele- 
vation of 13,825 feet. We understand that the observations 
were originally communicated by Mr. J. M. Horner, of Kukaiau, 
to the Pacific Commercial Advertiser. Mr. Lyons notes that 
the rainfall is probably greatest at about 2000 feet elevation. 

TABLE L - R C X ~ I ~ ~ ~ U  m the lozoer northmat elope of M a i m  KM. 

Inchca. ............ 
27.01 
4.96 
9.60 
2.75 
0.60 
0.60 
0.92 
0. a4 
6.50 
l . W  

*54.78 

............ 

-- 

79" and 63O; United States Experiment Station, 350 elevation, 
76.3" and 66.9O; W. R. Castle, 60 elevation, highest, 79"; low- 
est, 61O; mean, 70.0"; United States Magnetic Station, 50 ele- 
vation, mean, 71.1'. 

E w e  Mill, mean clew-point, 61" ; mean relative hnmidity, 71 
per cent; Hohala, Bond, dew-point, G4.Cj0 ; relative humidity, 
82 per cent; Puunene, 66.6" and 86 per cent; Puuneiie, pressure 
29.91 ; United States Magnetic Station, clew--point, 63"; -relative 
humidity, 77 per cent. 

The month was characterized by four ~toriiis, which were 
no doubt general. One that came in on the 1st from the pre- 
vious month; then on the l l th ,  42~1, and finally the heavy blow 
which characterized the last week of the year, ancl which was 
attended by an unusual spell of low dew-point, showing winds 
from the far north. 

Mauna Kea and &fauna Loa were heavily covered with snow 
at the close of the month; the storm of the ll-13thbeing 
especially marked. 

Heavy surf, lst ,  12th, 28th, as centers of surf periods. 
OBSERVATIONS AT HONOLULU. 

Date. 
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3.57 
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...... 
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Kainehe. 
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. .- - 

Inches. 
4.14 

13.09 a. 39 
14.74 
29. 88 
12.65 
2.48 

32.62 
8.06 
9.96 

19. 66 
34.89 

275.46 

.. -- I  
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5.99 
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8.34 
6.95 
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Iiirhrs. 
4.31 
4.72 

79.41 
12.32 
22.16 
5.68 
2. I 

18.44 
6.90 
6.61 

15.57 
27.18 
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January.. ................... 
February.. .................. 
Msrch. ...................... 
April.. ...................... 
Yay. ........................ 
June..  ...................... 
July ....................... 
AugoRt. ..................... 
Septeniber.. ................. 
October .................... 
Novenibcr. .................. 
December ................... 

Total.. ................ - 

The station is at 210 18' N 157O M y  W. It ia the Hawaiian Weather Biireau statlon 
the MONTHLY WEATREB REVIEW for Jnly 1W page 365.) 

Hawaii'an standard' time is 1 O h  301 slow of Greenwich time. HonoIuli~ iocdmean time 
Punahou (See fig. 2 No. 1 

Is 10'. 311 slow of Greenwich. 

rection -0 06 hna been ap lied. 
The pressure Is corrected for temperatiire aud reduced to sea level, and the gravity cor- 
The &.i&e'direu?ctlnn angforce of the wind and the averam cloudiness for the whole dav 

a&gi%n-u-aess they have varied more thau usual iu w h l h  m e  the extremed are ive6. 
Theacaleof wlnd force IsOtol'l, orBeaufort scale. $wodirectionsof rlnd, orvaluesufrind 
force, or amounts of cloudiness, connected by adash, indicate change from one to the other. 

The rainfall for twenty-four houm is measured at 9 a m. local, or 7.31 p. m., Greeuwich 
*For 10 months 01 r. . .  

Lime on the respective dates. 
ground. Groudd Is 43 feet and the bdrometer 60 feet d o v e  sea level. 

The rain gage 8 Inches in diameter is 1 foot above round. Thermometer, 9 feet above 

Meteorolagieal O b n e m r a t ~ ~  at HonoMu, December, 1902. 
The complete record for the above-mentioned station Kainehe, 

at the elevation of 1450 feet, and for nine years, is as in Table 2: 
TABLE %-Monthly raiafalls at Eaimhe. 
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"9.86 1.80 
29.80 0.01 
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9 .90  0.14 
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29.74 3.20 
29. 79 0. 00 
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ssw. 1-0 
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n-ne. 3 4  
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lie. 4-0 
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ne. 3 
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8-n. 1-0 
n-sw. 0 
m e .  0 
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nne. 4 
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ne. 5 4  
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ne. 5 4  

............. 

......... 2.3 

............. 

i-10 
10 
10 
3 
2 

1-9 
4 
9 
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3-1 
8.8 

9 
7 
G 
3 

C10 
CIO 

9 
I C E  
%9 
36 

10 
&!I 
5-0 
1 4  

4 
6 

2-5 
6 
5 
6 

.... 
5.2 

to .  1 

Totals.. ...... .I G. 69 I 1 3 1 . F l  110.92 1 52.62 4 107.19 I 89.34 I W. 93 1 87.36 I 276.46 

OLOUD BURSTS. 
By H. H. TEN BROFA~K, Braidentown, F l a ,  dated September 26, 1902. 

In  the MONTHLY WEATHER REVIEW for May, 1902, page 265, 
there is an article on a tornado in which the writer mentions 
as one of the results the formation of hollows in the ground. 
Such facts are sometimes doubted. I have seen several suoh 
escavations, a dozen or more. They all occurred during storms 
of unprecedented precipitation; the escavations were about 
15 to 20 feet in diameter and about 5 feet deep. On the hill- 
side above them there was no more than the ordinary disturb- 
ance of the surface made by a heavy rain. The excavations 
were all well defined and at a short distance looked as though 
they were cellars dug for houses; those that I saw first I 
mistook for such cellars, and asked ccWho is going to build?" 
but was told, "No one that we know of." I went to the spot 
aud found two escavations, about 6 or 8 yards apart, on the 
side of a bluff. The evidence was conclusive that they were 
made by columns or spouts of water falling from the clouds 
on a slant; on one side the roots of the vegetation were turned 
over, as with a plow; on the other side they were undermined 
and hung over the hole. The earth, rock, trees, etc., were 
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Mr. Lyons also communicates Table No. 1 showing the rain- 
fall a t  stations in the district of Hamaliua, on the island of 


